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ABSTRACT 
 
Purpose: To examine the current state of empirical research, theoretical explanations and applied importance 
of selected physical fitness parameters in Olympic clay target and related shooting disciplines. Method: Four 
online databases (EBSCOhost, Pub Med, Emerald Insight and Google Scholar) served as data sources for 
the study. Multiple combinations of key terms (e.g., shooting sport, skeet, and trap) were used to identify 
relevant literature in the English language meeting pre-specified search criteria. Content Analysis was used 
to identify 41 articles regarding the importance of fitness parameters in shooting sports. Results: The main 
finding was that previous studies have primarily concentrated on the stationary shooting disciplines. Only 
three studies were found on clay target shooting. One focused on the role of Quiet Eye (QE) duration, one 
on gun kinematics, and one on the role of postural stability. Within the other shooting disciplines, studies 
focused on establishing the role of postural stability, upper body strength, QE duration and the level of VO² 
max. Conclusion: Based on the research available with regard to the importance of physical fitness 
parameters in the Olympic clay target shooting disciplines, it is difficult to offer firm recommendations. In 
other shooting disciplines, postural stability and longer QE duration, as well as a certain level of strength, 
appear to be critical to successful performance. This research gap demonstrates the need to develop and 
expand the knowledge base within the sport. Key words: SHOTGUN, SKEET, TRAP. 
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INTRODUCTION 
 
Shooting sports are categorised by the target, the distance to the target and the type of firearm. The precision 
target disciplines, archery, pistol and rifle shooting, involve shooting at a stationary target. In contrast, shotgun 
shooting involves the target moving at high speed within a predefined volume. This fact alone illustrates a 
fundamental difference in movement patterns between the stationary and the shotgun shooting disciplines. 
It has yet to be shown, however, whether fitness parameters for these two disparate tasks are also different, 
even though such a conclusion seems face to valid. 
 
Clay target shooting consists of shooting a firearm at special flying targets, known as clay targets or clay 
pigeons. The shotgun fires projectiles that contain a large number of smaller sub-projectiles called pellets 
(shot). Although clay target shooting has more than twenty different disciplines, most can be grouped under 
the main categories: skeet, trap and sporting. Given our interest as providers of fitness monitoring and advice 
to elite athletes in these disciplines, the goal of this study was to provide a complete and systematic review 
of existing factual evidence addressing the role of selected physical fitness parameters in Olympic clay target 
shooting and related shooting disciplines. 
 
There is an evident difference between the shotgun and the precision target shooting disciplines. The pistol 
and rifle disciplines, as well as archery, involve shooting at a stationary target, where an exact knowledge of 
the target is fundamental to a successful performance (Roberts and Turnbull, 2010). In shotgun shooting, 
however, the target is larger in size but moves at high speed within a predefined space. In order to follow the 
target before and whilst executing the shot, the clay shooter has to energetically move and rotate the upper 
body in a unique way, placing an additional acute strain on their musculoskeletal system. Furthermore, in 
clay shooting, both arms are handling the gun and are unsupported, with the competitor bent slightly forward: 
in short, a very different stance compared to other disciplines. Taken together, these factors suggest an 
essential difference regarding the movement patterns, as well as some physical parameters crucial for 
successful performance in shotgun shooting, compared with the rifle and pistol disciplines. There is, however, 
a need to elucidate this difference. 
 
One way to accomplish this is through the use of a systematic review. Based on Liberati et al. (2009), a 
systematic review tries to collect all empirical facts that ﬁts pre-speciﬁed eligibility criteria to answer a specific 
research question. Accordingly, the questions addressed in the current study were: 
• What is the current state of published research on the importance of selected physical fitness 
parameters in Olympic clay target? 
• What research was conducted in related shooting disciplines regarding the role of selected 
physical fitness parameters? 
• Which studies from other disciplines could have a pertinent transfer to clay shooting? 
 
METHOD 
 
As stated by Hawley and Burke (1998), as with any other athletic effort, competitive shooters must be trained 
and conditioned physically. Reflecting the arguments presented above, we reviewed the current literature in 
an attempt, to sum up the data regarding the importance of selected physical fitness parameters in clay target 
and related shooting disciplines. The four basic online databases used were EBSCOhost, PubMed, Emerald 
insight and Google Scholar, using combinations of the keywords for articles, “clay target shooting,” “shooting 
sports,” “skeet,” “trap,” “pistol,” “rifle,” “postural balance,” “strength,” “eye-hand coordination”, that identified 
the importance of selected physical fitness parameters in these shooting sports. Additional search items were 
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then incorporated, based on key terms discovered in the titles, abstracts, and full texts of the records yielded 
from the initial search. We included reports that firstly, were published in English and secondly, specifically 
examined physical fitness parameters in shooting sports. 
 
In total, 41 records regarding physical fitness parameters in shooting sports were identiﬁed for review. 
Notably, however, only three were specifically related to clay target shooting. Therefore, given this dearth of 
specific evidence, we decided to review the papers regarding other shooting disciplines as well. Accordingly, 
the Results section below demonstrates studies that addressed all the shooting disciplines, structured under 
the four main topics which emerged. Finally, any clay target-specific papers are listed, with any contrasts or 
contradictions to the main body of the literature then highlighted. 
 
RESULTS 
 
The presented study was focused on examining, via a systematic review, the recommendations authors have 
forwarded regarding the importance of selected physical fitness parameters in the Olympic clay target 
shooting events, trap and skeet. The initial comprehensive literature review focused on clay target shooting 
revealed that there was a large volume of studies irrelevant to our purpose. For example, examining the  
environmental influence of lead pollution and the impact of the clay targets on the ecology at a shooting range 
(Baer et al., 1995; McTee et al., 2016; Migliorini et al., 2004; Rooney and McLaren, 2000; Sorvari et al., 2006; 
Vyas et al., 2000). 
 
Indeed, our review has indicated only one study by Puglisi et al. (2014), focusing on the relationship between 
good balance and better performance in the skeet shooting discipline. They observed a significantly better 
posture in elite shooters, compared to less good shooters, and concluded that good balance has a positive 
correlation to performance. These authors further recommend adding balance training to other event-specific 
activities, such as the improvement of anaerobic capacity and capacity for dependent motor control. In 
another clay target-specific work, Causer et al. (2010) analysed the quiet eye duration and the gun barrel 
kinematics in skeet, trap and double trap events. In addition, Swanton (2011) explored the kinematics of gun 
movement during trap shooting. So as one of the clearest results to emerge, we would highlight a lack of 
work focused in this area. 
 
Pertinent transfer from studies in other disciplines 
Despite this dearth of specific investigation in clay target shooting, however there is some pertinent empirical 
work on physical fitness parameters in other shooting disciplines i.e. pistol, rifle and archery. The four areas 
of focus of the examined studies were: 
1. Postural stability, with 26 studies focusing on stationary shooting disciplines and 1 on clay 
target shooting. 
2. Strength, with 10 studies focusing on pistol and rifle shooting, were several recommendations 
combined focuses on postural stability and strength, as well as, strength and selected 
anthropometric characteristics. 
3. Quiet eye duration, with one study focusing on Olympic clay target shooting and two on rifle 
shooting. 
4. Maximal oxygen consumption (VO²max), with one comparative study discussing the VO²max 
values of rifle shooters. Descriptions of each area of focus are provided in the following 
subsections. 
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Postural stability 
In biomechanics, balance is defined as an ability to maintain the line of gravity (vertical line from the centre 
of mass) of a body within the base of support with minimal postural sway (Shumway-Coo and Haller, 1988). 
Core stability (which involves static contractions of muscles of the trunk) and balance (where reflexive actions 
of muscles in the lower body and core are required) are significant factors for minimising the body sway 
observed in a static position (Anderson and Plecas, 2000). 
 
After the pioneer study by Spaeth and Dunham (1921), where a strong positive correlation between 
steadiness and marksmanship was suggested, many other authors came to the same conclusion. Current 
studies in the shooting sports demonstrate that, unsurprisingly, balance, postural stability and the stability of 
the rifle/pistol, contribute to an increased shooting accuracy (Aalto et al., 1990; Ball et al., Wrigle, 2003; Bayati 
et al., 2016; Goonetilleke et al., 2009; Gulbinskienė and Skarbalius, 2009; Heimer et al., 1985; Kayihan et 
al., 2013; Koley and Gupta, 2012; Koley and Uppal, 2016; Konttinen et al., 1998; Konttinen et al., 1999; 
Mason et al., 1989; Mononen et al., 2007; Niinimaa and McAvoy, 1983; Pryimakov et al., 2015; Puglisi et al., 
2014; Sattlecker et al., 2014; Stambolieva et al., 2015; Su et al., 2000; Zatsiorsky and Aktov, 1990). In the 
only published study on clay target shooting by Puglisi et al. (2014), the authors conclude that a good balance 
has a positive correlation to shooting performance in the skeet discipline. Furthermore, the authors 
recommend specific training for improving balance. 
 
However, previous findings were contradicted by a recent experiment of Ihalainen et al. (2015). They reported 
that, in air riﬂe shooting, the effect of postural balance on performance was relatively small. This conclusion 
is supported by other authors, who also argue that shooting performance is not affected by postural stability 
(Anderson and Plecas, 2000; Era et al., 1996; Zemkova, 2013). In addition, Stuart and Atha (1990) reveal 
that, at the top performance levels, postural stability may not be the main reason that differentiates the elite 
from the less expert archer. 
 
Strength 
There are only a few studies in the literature that focus on muscular factors or the physical fitness of the 
shooter to performance. Several types of research have examined the correlation between the shoulder and 
forearm muscular control and the ability to stabilize the pistol (Mon et al., 2015; Pellegrini and Schena, 2005; 
Tang et al., 2008; Vercruyssen et al., 1988). In the study of Vercruyssen et al. (1988), a very brief and intense 
grip and shoulder strength-training program applied on pistol shooters reports robust strength-performance 
correlations. Individual subject analysis has shown that those that improved in strength also improved in 
shooting skill. In a more recent study by Mon et al. (2015), significant correlations between performance and 
finger muscular force in competitive pistol shooters were found. However, their findings disagree with the 
study of Vercruyssen et al. regarding the relationship between performance and shoulder abduction force. 
Also, no significant correlation was established between performance and height, weight, age or body mass 
index (BMI). Furthermore, after analysing an intervention program on 14 competitive shooters, Krasilshchikov 
et al. (2007) conclude that increased balance reduced swaying, and along with increased core strength 
improved aiming capacity. In a different study by Kayihan et al. (2013), members of the Turkish Police 
Academy were investigated for the relationship between efficiency in pistol shooting and selected physical 
fitness parameters. Results demonstrated that, along with coordination, balance and flexibility (of the 
posterior muscle chain), a considerable correlation between handgrip strength and the shooting performance 
was found. In addition, and according to a study by Koley and Gupta (2012), dominant right handgrip strength 
in pistol shooters had positive correlations with height, weight and upper arm circumference in contraction. 
In the study of Evans et al. (2003), the effect of upper extremity muscle fatigue on shooting with a rifle in an 
unsupported, standing firing position was assessed. The authors provide evidence that fit soldiers have a 
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faster recovery of shooting accuracy after intensive upper body exercises. Similar results were found 
regarding the effect of aerobic exercise on rifle shooting accuracy and it was concluded that soldiers with a 
higher level of physical fitness can quickly recover shooting accuracy following intense exercise (Ito et al., 
2000). In addition, it is suggested by Hoffman et al. (1992) that the intensity of physical exertion immediately 
prior to biathlon shooting, affects shooting in the standing position, by influencing the stability of hold, but has 
a small affect on prone shooting performance. 
 
Hypothetically, the Clay shooter needs isometric strength for keeping steady stance and body position. 
Additionally, a rotation of the upper body, involving muscles of the legs and trunk, is needed for following the 
target before executing the shot. It could be assumed that this dynamic action puts further a strain on the 
muscular system of the skeet and trap shooter. Also, both arms which are holding the gun are unsupported 
and additional static strength of the shoulder girdle and the arm flexors is required. Furthermore, the specific 
stance and body position should be taken into consideration. In competitive shotgun shooting, the athlete 
bends his upper body forward as he follows the target before the execution of the shot.  In this position, the 
athlete or shooter places slightly more pressure on the foot in front (approx. 60%); what presumptively puts 
an additional strain on the posterior muscle chain. 
 
Quiet Eye 
The Quiet Eye (QE) is defined as the final fixation gaze to a target before the initiation of a planned motor 
response and reflects a critical period of cognitive processing during which the control parameters of a motor 
skill are programmed (Vickers, 1996). As stated by Behan and Wilson (2008), the accuracy of aiming is 
influenced by the duration of the QE period, with longer QE periods being associated with better performance. 
This is consistent with the findings of Causer et al. (2010), which showed that longer QE duration during 
skeet, trap, and double trap shooting has a positive correlation to a successful shooting performance. Further 
studies indicate that gaze behaviour and the QE are influenced by the level of anxiety of the performers, 
leading to inefficient search strategies and less efficient gun motion (Causer et al., 2010; Nian-Hong, 2003; 
Janelle, 2002). 
 
Various authors (Antunes et al., 2005; Cox et al., 2003; O'connor et al., 1991; Petruzzello et al., 1991; Raglin 
and Morgan, 1987) have examined the relationship between maximal oxygen uptake (VO² max) and the 
reduction of anxiety. VO² max was defined by Hill and Lupton (1923), as the oxygen uptake attained during 
maximal exercise intensity that could not be increased despite further increases in exercise workload. The 
previous studies have observed a positive correlation between higher VO² max and lower stress levels. This 
led to the conclusion that the reduction of anxiety through higher levels of VO² max, or activities such as 
swimming and yoga (Berger and Owen, 1988), could have a positive relationship to longer QE duration and 
hypothetically to a more efficient shooting performance. 
 
VO² max 
Literature reviews have indicated only one comparative study of Mondal et al., (2011), which reveals that 
maximal oxygen consumption (VO² max) values’ of rifle shooters are lower than international standards for 
VO² max of swimmers, runners, footballers, basketball and soccer players, but are very close to that of weight 
lifters, shot putters and discus throwers. This probably results from the fact that shooting is not considered 
an endurance sport (Kasapis and Thompson, 2009), and that a medium level of VO² max is satisfactory for 
a successful performance. Interestingly, the study of Wells et al. (2009), suggests that in another ”non-
endurance” sport (Kasapis and Thompson, 2009), the golfers with the best aerobic conditioning where those, 
who have shown better performance. Further, Mondal, et al. (2011) also found that female shooters have 
significantly higher anaerobic power values in comparison to their non-athlete counterparts. In contrast, male 
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shooters have lower anaerobic power values in comparison to the non-athletes. Hypothetically, the difference 
in anaerobic power values between the genders could be explained by the ratio of the shotgun weight to the 
athlete’s body weight. It could be assumed that, in comparison to their male colleagues, the majority of female 
athletes have to put a more muscular effort in order to hold and move the shotgun, and so need higher 
anaerobic power values. 
 
Although there is no existing empirical evidence in the field of the shooting sport to suggest that the level of 
VO² max could have a positive impact on the shooting result through the reduction of stress and anxiety, 
other studies have shown the positive correlation between higher levels of VO² max and lower stress and 
anxiety levels. For instance, Petruzzello et al. (1991) claim that the aerobic forms of physical exercises are 
associated with reductions in anxiety. Also, Raglin and Morgan (1987) argue that rest and exercises have 
similar effects on reducing state anxiety and blood pressure. However, the exercise-induced anti-anxiety 
effect endured for a longer period. In a more recent study, the data of Antunes et al. (2005), suggest that an 
aerobic exercise program has a positive correlation to anxiety and depression and indicates improvement in 
life quality in older individuals. In an earlier study, Dustman et al. (1984) report a remarkably better 
performance on diverse neuropsychological tasks of inactive seniors, after following an aerobic exercise 
program for four months. In conclusion, they suggest that the cerebral metabolic activity was improved 
through the implemented aerobic training and that this positively affected the neuropsychological 
performance of the group. Thus the aerobic type of training may decrease anxiety and affect positively the 
shooting accuracy. 
 
Additional studies 
In addition, other research in shooting sport has little or no possible transfer to the Clay shooting. For 
example, the study by Lakie et al. (1995), where heating and cooling of the forearm was used on a group of 
air pistol shooters, in order to positively influence tremor size. In a different study, Kruse et al. (1986) 
examined the effect of β-blockade on hand tremor in pistol shooters and attributed the positive effect to 
metoprolol. Further, Pellegrini et al. (2004) investigated tremor in shooters t using a laser pointer or an air 
pistol (Pellegrino and Schena, 2005). Also, Tang et al. (2008) investigated tremor in pistol shooting athletes. 
 
Of relevance, with an applicable transfer to Clay shooting, could have the investigation by  Lakie (2010), on 
the potential influence of temperature and exercises on physiological tremor in Olympic biathletes. Also, the 
study by Brown et al. (2013), examining the effect of physical exertion on the shooting performance of police 
officers, could have a pertinent transfer to shotgun disciplines. The authors conclude that fatiguing exercises 
do not have a perceptible negative effect on the automatic shooting reactions. Other studies investigated the 
cardiac cycle during rifle shooting in relation to the timing of the trigger pull (Helin et al., 1987; Konttinen et 
al., 2003; Mets et al., 2007). In a different study, Konttinen et al. (1995) examined the relation between 
qualitative and quantitative aspects of shooting performance to brain slow potentials. Further, a considerable 
amount of literature has been published on the occipital electroencephalogram (EEG) alpha-power reactivity 
during shooting during shooting to calculate brain activity in archery, rifle and pistol shooting (Bird, 1987; 
Hatfield and Landers, 1987; Hatfield et al., 1984; Haufler et al., 2000; Janelle et al., 2000; Landers et al., 
1994; Loze et al., 2001). In another study, Fenici et al. (1999) examined the cardiovascular adaptation during 
Action Pistol Shooting and reported elevated heart rate and blood pressure, which can be linked to poor 
shooting performance. Also, based on the study of Mohamed et al. (2014), the ability to control the 
breathing process can help increase the overall shooting performance of skilled and unskilled archers.  
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CONCLUSION 
 
Despite the fact that there are some recommendations available regarding the importance of selected 
physical fitness parameters in the Olympic shooting disciplines of skeet and trap, there is limited research 
done in this domain. A careful study of the literature reveals that the majority of research has focused on 
stationary shooting disciplines. 
 
As a summary position of this investigation, postural stability and longer QE duration appear to be critical to 
successful performance in the Olympic clay target shooting disciplines. Of relevance, and despite the 
increasing literature surrounding the importance of certain parameters in shooting sport, there is a dearth of 
knowledge regarding the direct or indirect impact of selected parameters, such as head and jaw position, 
affecting postural stability (Baldini et al., 2013; Gangloff et al., 2000; Sforza et al., 2006). Also, the importance 
of the of VO² max level for the reduction of anxiety and stress levels, which has a direct positive relationship 
to QE duration, should be considered in future studies. In addition, the role of strength in Clay shooting has 
not been investigated as yet. No empirical evidence exists to suggest the importance of grip strength, the 
strength of the posterior muscle chain, shoulder girdle or trunk, and its influence on postural stability, body 
sway and the movement of the gun. A clearer understanding of the role of this essential physical parameter 
is needed in order to identify its importance for the specific motoric action during Clay shooting. Further 
research in this field would be of great help in improving the performance of the clay target shooting 
disciplines. 
 
What does this article add? 
This article underscores the growing need for better understanding of the role played by certain physical 
fitness parameters in Olympic clay target shooting. As presented, the majority of research was conducted in 
other shooting disciplines and this research gap should provide the motivation for a further investigation into 
the skeet and trap shooting disciplines. Further research would develop and expand the knowledge base 
within the sport. It would follow that identification, and formative assessment of those parameters should 
reveal findings that can be applied in practice and utilised with confidence in the training program of clay 
target shooting athletes. 
 
REFERENCES 
 
Aalto, H., Pyykkö, I., Ilmarinen, R., Kähkönen, E., & Starck, J. (1990). Postural stability in shooters. ORL 
, 52(4), 232-238. http://dx.doi.org/10.1159/000276141 
Abernethy, B., & Neal, R. J. (1999). Visual characteristics of clay target shooters. Journal of Science & 
Medicine in Sport, 2(1), 1–19. http://dx.doi.org/10.1016/S1440-2440(99)80180-7 
Anderson, G. S., & Plecas, D. B. (2000). Predicting shooting scores from physical performance data. 
Policing: An International Journal of Police Strategies & Management, 23(4), 525-537. 
http://dx.doi.org/10.1108/13639510010355611 
Antunes, H. K. M., Stella, S. G., Santos, R. F., Bueno, O. F. A., & Mello, M. T. D. (2005). Depression, 
anxiety and quality of life scores in seniors after an endurance exercise program. Revista Brasileira 
de Psiquiatria, 27(4), 266-271. http://dx.doi.org/10.1590/S1516-44462005000400003 
Baldini, A., Nota, A., Cravino, G., Cioffi, C., Rinaldi, A., & Cozza, P. (2013). Influence of vision and dental 
occlusion on body posture in pilots. Aviation, space, and environmental medicine, 84(8), 823-827. 
http://dx.doi.org/10.3357/ASEM.3541.2013 
Peljha et al. / Olympic clay target shooting                                                                       JOURNAL OF HUMAN SPORT & EXERCISE 
548 | 2018 | ISSUE 3 | VOLUME 13                                                                                © 2018 University of Alicante 
 
Ball, K. A., Best, R. J., & Wrigley, T. V. (2011). Body sway, aim point fluctuation and performance in rifle 
shooters: inter- and intra-individual analysis. Journal of Sports Sciences, 21(7), 559-566. 
http://dx.doi.org/10.1080/0264041031000101881 
Ball, K. A., Best, R. J., & Wrigley, T. V. (2003). Inter-and intra-individual analysis in elite sport: Pistol 
shooting. Journal of Applied Biomechanics, 19(1), 28-38. http://dx.doi.org/10.1123/jab.19.1.28 
Bayati, A., Yousefian, R., Sadeghi, H., Jamebozorgi, A. A., & Tabatabaee, S. M. (2015). Correlation of 
static balance and anthropometric characteristics in Iranian elite male and female shooters. The 
Scientific Journal of Rehabilitation Medicine, 4(4), 1-10. 
Baer, K. N., Hutton, D. G., Boeri, R. L., Ward, T. J., & Stahl, R. G. (1995). Toxicity evaluation of trap and 
skeet shooting targets to aquatic test species. Ecotoxicology, 4(6), 385-392. 
http://dx.doi.org/10.1007/BF00118873 
Behan, M., Behan & Wilson, M. Behan, M.(2008). State anxiety and visual attention: The role of the quiet 
eye period in aiming to a far target. Journal of Sports Sciences, 26(2), 207-215. 
http://dx.doi.org/10.1080/02640410701446919 
Berger, B. G., & Owen, D. R. (1988). Stress reduction and mood enhancement in four exercise modes: 
Swimming, body conditioning, hatha yoga, and fencing. Research quarterly for exercise and sport, 
59(2), 148-159. http://dx.doi.org/10.1080/02701367.1988.10605493 
Bird, E. I. (1987). Psycho-physiological processes during rifle shooting. International Journal of Sport 
Psychology, 18(1), 9-18. 
Brown, M. J., Tandy, R. D., Wulf, G., & Young, J. C. (2013). The effect of acute exercise on pistol shooting 
performance of police officers. Motor Control, 17(3), 273-282. http://dx.doi.org/10.1123/mcj.17.3.273 
Causer, J., Bennett, S. J., Holmes, P. S., Janelle, C. M., & Williams, A. M. (2010). Quiet eye duration and 
gun motion in elite shotgun shooting. Med Sci Sports Exerc, 42(8), 1599-1608. 
http://dx.doi.org/10.1249/MSS.0b013e3181d1b059 
Cox, R. H., Martens, M. P., & Russell, W. D. (2003). Measuring anxiety in athletics: the revised 
competitive state anxiety inventory–2. Journal of Sport and Exercise Psychology, 25(4), 519-533. 
http://dx.doi.org/10.1123/jsep.25.4.519 
Dustman, R. E., Ruhling, R. O., Russell, E. M., Shearer, D. E., Bonekat, H. W., Shigeoka, J. W., ... & 
Bradford, D. C. (1984). Aerobic exercise training and improved neuropsychological function of older 
individuals. Neurobiology of aging, 5(1), 35-42. http://dx.doi.org/10.1016/0197-4580(84)90083-6 
Era, P., Konttinen, N., Mehto, P., Saarela, P., & Lyytinen, H. (1996). Postural stability and skilled 
performance - a study on top-level and naive rifle shooters. Journal of Biomechanics, 29(3), 301-
306. http://dx.doi.org/10.1016/0021-9290(95)00066-6 
Evans, R. K., Scoville, C. R., Ito, M. A., & Mello, R. P. (2003). Upper body fatiguing exercise and shooting 
performance. Military medicine, 168(6), 451-456. https://doi.org/10.1093/milmed/168.6.451 
Fenici, R., Ruggieri, M. P., Brisinda, D., & Fenici, P. (1999). Cardiovascular adaptation during action 
pistol shooting. Journal of sports medicine and physical fitness, 39(3), 259-266. 
Gangloff, P., Louis, J. P., & Perrin, P. P. (2000). Dental occlusion modifies gaze and posture stabilization 
in human subjects. Neuroscience letters, 293(3), 203-206. http://dx.doi.org/10.1016/S0304-
3940(00)01528-7 
Goonetilleke, R. S., Errol, R., Hoffmann, E. R., & Lau, W. C. (2009). Pistol shooting accuracy as 
dependent on experience, eyes being opened and available viewing time. Applied Ergonomics, 
40(3), 500–508. http://dx.doi.org/10.1016/j.apergo.2008.09.005 
Gulbinskienė, V., & Skarbalius, A. (2009). Peculiarities of investigated characteristics of Lithuanian pistol 
and rifle shooters training and sport performance. Ugdymas Kuno Kultura, 21. 
Peljha et al. / Olympic clay target shooting                                                                       JOURNAL OF HUMAN SPORT & EXERCISE 
                     VOLUME 13 | ISSUE 3 | 2018 |   549 
 
Hatfield, B. D., Landers, D. M., & Ray, W. J. (1987). Cardiovascuiar‐CNS Interactions During a Self‐
Paced, Intentional Attentive State: Elite Marksmanship Performance. Psychophysiology, 24(5), 542-
549. http://dx.doi.org/10.1111/j.1469-8986.1987.tb00335.x 
Hatfield, B. D., Landers, D. M., & Ray, W. J. (1984). Cognitive processes during self-paced motor 
performance: An electroencephalographic profile of skilled marksmen. Journal of Sport Psychology, 
6(1), 42-59. http://dx.doi.org/10.1123/jsp.6.1.42 
Haufler, A. J., Spalding, T. W., Santa Maria, D. L., & Hatfield, B. D. (2000). Neuro-cognitive activity during 
a self-paced visuospatial task: comparative EEG profiles in marksmen and novice shooters. 
Biological Psychology, 53(2), 131-160. http://dx.doi.org/10.1016/S0301-0511(00)00047-8 
Hawley, J., & Burke, L. (1998). Peak Performance: Training and Nutritional Strategies for Sport, Allen & 
Unwin. 
Helin, P., Sihvonen, T., & Hanninen, O. (1987). Timing of the triggering action of shooting in relation to 
the cardiac cycle. British Journal of Sports Medicine, 21(1), 33-36. 
http://dx.doi.org/10.1136/bjsm.21.1.33 
Heimer, S., Medved, V., & Špirelja, A. (1985). Influence of postural stability on sport shooting 
performance. Kineziologija, 17(2), 119-122. 
Hill, A. V., & Lupton, H. (1923). Muscular exercise, lactic acid, and the supply and utilization of oxygen. 
Quarterly Journal of Medicine, 16(62), 135-171. https://doi.org/10.1093/qjmed/os-16.62.135 
Hoffman, M. D., Gilson, P. M., Westenburg, T. M., & Spencer, W. A. (1992). Biathlon shooting 
performance after exercise of different intensities. International journal of sports medicine, 13(03), 
270-273. https://doi.org/10.1055/s-2007-1021265 
Janelle, C. M. (2002). Anxiety, arousal and visual attention: a mechanistic account of performance 
variability. Journal of Sports Sciences, 20(3), 237-251. 
http://dx.doi.org/10.1080/026404102317284790 
Janelle, C. M., Hillman, C. H., Apparies, R. J., Murray, N. P., Melli, L., Fallon, E. A., & Hatfield, B. D. 
(2000). Expertise differences in cortical activation and gaze behaviour during rifle shooting. Journal 
of Sport and Exercise Psychology, 22(2), 167-182. http://dx.doi.org/10.1123/jsep.22.2.167 
Ihalainen, S., Kuitunen, S., Mononen, K., & Linnamo, V. (2016). Determinants of elite‐level air rifle 
shooting performance. Scandinavian journal of medicine & science in sports, 26(3), 266-274. 
http://dx.doi.org/10.1111/sms.12440 
Ito, M. A., Sharp, M. A., Johnson, R. F., Merullo, D. J., & Mello, R. P. (1999). Rifle shooting accuracy 
during recovery from fatiguing exercise (No. P00-73). ARMY RESEARCH INST OF 
ENVIRONMENTAL MEDICINE NATICK MA MILITARY PERFORMANCEDIV. 
Kayihan, G., Ersӧz, G., Ӧzkan, A., & Koz, M. (2013). Relationship between efficiency of pistol shooting 
and selected physical-physiological parameters of police. Policing: an international journal of police 
strategies & management, 36(4), 819 -832. http://dx.doi.org/10.1108/PIJPSM-03-2013-0034 
Kasapis, C., & Thompson, P. D. (2009). Sports cardiology. The Encyclopaedia of Sports Medicine: An 
IOC Medical Commission Publication, The Olympic Textbook of Medicine in Sport, 14, 232. 
Krasilshchikov, O., Zuraidee, E., & Singh, R. (2007). Effect of general and auxiliary conditioning on 
specific fitness of young pistol and rifle shooters. Asian Journal of Exercise & Sports Science, 4(1), 
15-20. 
Koley, S., & Gupta, B. (2012). Correlations of static balance and anthropometric characteristics in Indian 
elite male shooters. International Journal of Applied Sports Sciences, 24(2), 65-72. 
https://doi.org/10.24985/ijass.2012.24.2.65 
Konttinen, N., Lyytinen, H., & Era, P. (1999). Brain slow potentials and postural sway behavior during 
sharp shooting performance. Journal of Motor Behaviour, 31(1), 11-20. 
http://dx.doi.org/10.1080/00222899909601888 
Peljha et al. / Olympic clay target shooting                                                                       JOURNAL OF HUMAN SPORT & EXERCISE 
550 | 2018 | ISSUE 3 | VOLUME 13                                                                                © 2018 University of Alicante 
 
Konttinen, N., Lyytinen, H., & Konttinen, R. (1995). Brain slow potentials reflecting successful shooting 
performance. Research Quarterly for Exercise and Sport, 66(1), 64-72. 
http://dx.doi.org/10.1080/02701367.1995.10607656 
Konttinen, N., Lyytinen, H., & Viitasalo, J. (1998). Rifle‐balancing in precision shooting: behavioral 
aspects and psychophysiological implication. Scandinavian journal of medicine & science in sports, 
8(2), 78-83. http://dx.doi.org/10.1111/j.1600-0838.1998.tb00172.x 
Konttinen, N., Mets, T., Lyytinen, H., & Paananen, M. (2003). Timing of triggering in relation to the cardiac 
cycle in non elite rifle shooters. Research Quarterly for Exercise and Sport , 74(4), 395-400. 
http://dx.doi.org/10.1080/02701367.2003.10609110 
Koley, S., & Uppal, R. (2016). Correlations of static balance with handgrip strength and anthropometric 
variables in Indian inter-university archery players. International Journal of Recent Scientific 
Research, 7(4). 
Kruse, P., Ladefoged, J., Nielsen, U., Paulev, P. E., & Sorensen, J. P. (1986). Beta-blockade used in 
precision sports: effect on pistol shooting performance. Journal of Applied Physiology, 61(2), 417-
420. http://dx.doi.org/10.1111/j.1600-0838.1998.tb00172.x 
Mason, B. R., Cowan, L. F., & Bond, J. (1989). Biomechanical factors affecting accuracy in pistol 
shooting. Journal of Biomechanics, 22(10), 1052. https://doi.org/10.1016/0021-9290(89)90365-5 
McTee, M. R., Mummey, D. L., Ramsey, P. W., & Hinman, N. W. (2016). Extreme soil acidity from 
biodegradable trap and skeet targets increases severity of pollution at shooting ranges. Science of 
the Total Environment, 539, 546-550. http://dx.doi.org/10.1016/j.scitotenv.2015.08.121 
Mets, T., Konttinen, N., & Lyytinen, H. (2007). Shot placement within cardiac cycle in junior elite rifle 
shooters. Psychology of Sport and Exercise, 8(2), 169-177. 
http://dx.doi.org/10.1016/j.psychsport.2006.02.002 
Meyer, T., Broocks, A., Bandelow, B., Hillmer-Vogel, U., & Rüther, E. (1998). Endurance training in panic 
patients: Spiroergometric and clinical effects. INternational Journal of Sports Medicine, 19(07), 496-
502. http://dx.doi.org/10.1055/s-2007-971951 
Migliorini, M., Pigino, G., Bianchi, N., Bernini, F., & Leonzio, C. (2004). The effects of heavy metal 
contamination on the soil anthropoid community of a shooting range. Environ Pollution, 129(2), 331-
340. http://dx.doi.org/10.1016/j.envpol.2003.09.025 
Mohamed, M. N., Norman, W. M. N. W., Linoby, A., Sariman, M. H., & Azam, M. Z. M. (2014). Breathing 
pattern influence to the shooting performance. In Proceedings of the International Colloquium on 
Sports Science, Exercise, Engineering and Technology 2014 (ICoSSEET 2014), 321-333. Springer 
Singapore. http://dx.doi.org/10.1007/978-981-287-107-7_34 
Mon, D., Zakynthinaki, M., Cordente, C., Anton, A., Rodríguez, B., & Jiménez, D. (2015). Finger flexor 
force influences performance in senior male air pistol Olympic shooting. PLoS ONE, 10(6). 
http://dx.doi.org/10.1371/journal.pone.0129862 
Mondal, A., Majumdar, R., & Pal, S. (2011). Anthropoimthy and physiological profile of Indian shooter. 
International Journal of Applied Sports Sciences, 23(2), 394-405. 
https://doi.org/10.24985/ijass.2011.23.2.394 
Mononen, K., Konttinen, N., Viitasalo, J., & Era, P. (2007). Relationships between postural balance, rifle 
stability and shooting accuracy among novice rifle shooters. Scandinavian Journal of Medicine & 
Science in Sports, 17(2), 180-185. http://dx.doi.org/10.1111/j.1600-0838.2006.00549.x 
Morrillo, M., Di Russo, F., Pitzalis, S., & Spinelli, D. (2006). Latency of prosaccades and antisaccades in 
professional shooters. Medicine and science in sports and exercise, 38(2), 388-394. 
http://dx.doi.org/10.1249/01.mss.0000185661.01802.67 
Nian-hong, L. (2003). Research of precompetitive anxiety of shooting athletes [J]. Journal of Shandong 
Physical Education Institute, 3, 15. 
Peljha et al. / Olympic clay target shooting                                                                       JOURNAL OF HUMAN SPORT & EXERCISE 
                     VOLUME 13 | ISSUE 3 | 2018 |   551 
 
Niinimaa, V., & McAvoy, T. (1983). Influence of exercise on body sway in the standing rifle shooting 
position. Canadian journal of applied sport sciences. Journal canadien des sciences appliquees au 
sport, 8(1), 30-33. 
Lakie, M. (2010). The influence of muscle tremor on shooting performance. Experimental physiology, 
95(3), 441-450. http://dx.doi.org/10.1113/expphysiol.2009.047555 
Lakie, M., Villagra, F., Bowman, I., & Wilby, R. (1995). Shooting performance is related to forearm 
temperature and hand tremor size. Journal of sports sciences, 13(4), 313-320. 
http://dx.doi.org/10.1080/02640419508732245 
Landers, D. M., Han, M., Salazar, W., Petruzzello, S. J., Kubitz, K. A., & Gannon, T. L. (1994). Effects of 
learning on electroencephalographic and electrocardiographic patterns in novice archers. 
International Journal of Sport Psychology, 25(3), 313-330. 
Liberati, A., Altman, D. G., Tetzlaff, J., Mulrow, C., Gøtzsche, P. C., Ioannidis, J. P., ... & Moher, D. 
(2009). The PRISMA statement for reporting systematic reviews and meta-analyses of studies that 
evaluate health care interventions: explanation and elaboration. PLoS Med, 6(7), 
http://dx.doi.org/10.1371/journal.pmed.1000100 
Loze, G. M., Collins, D., & Holmes, P. S. (2001). Pre-shot EEG alpha-power reactivity during expert air-
pistol shooting: a comparison of best and worst shots. Journal of sports sciences, 19(9), 727-733. 
http://dx.doi.org/10.1080/02640410152475856 
Pellegrini, B., Faes, L., Nollo, G., & Schena, F. (2004). Quantifying the contribution of arm postural tremor 
to the outcome of goal-directed pointing task by displacement measures. Journal of neuroscience 
methods, 139(2), 185-193. http://dx.doi.org/10.1016/j.jneumeth.2004.04.025 
Pellegrino, B., & Schena, F. (2005). Characterization of arm-gun movement during air pistol aiming 
phase. Journal of Sports Medicine and Physical Fitness, 45(4), 467-475. 
Petruzzello, S. J., Landers, D. M., Hatfield, B. D., Kubitz, K. A., & Salazar, W. (1991). A meta-analysis 
on the anxiety-reducing effects of acute and chronic exercise. Sports medicine, 11(3), 143-182. 
http://dx.doi.org/10.2165/00007256-199111030-00002 
Pryimakov, A. A., Eider, E., & Omelchuk, E. V. (2015). Stability of equilibrium in upright stance and 
voluntary motion control in athletes-shooters in the process of ready position and target shooting. 
Physical education of students, 19(1), 36-42. http://dx.doi.org/10.15561/20755279.2015.0106 
Puglisi, M. L., La Rocca, R., Sarra Fiore, A., Gibiino, C., Buscemi, A., Petralia, M. C., & Nicotra, R. (2014). 
Evaluation of postural balance in skeet shooting. International Journal of Education and Research, 
2(12), 53-60. 
Raglin, J. S., & Morgan, W. P. (1987). Influence of exercise and quiet rest on state anxiety and blood 
pressure. Medicine & Science in Sports & Exercise, 19(5), 456-463. 
http://dx.doi.org/10.1249/00005768-198710000-00006 
Sattlecker, G., Buchecker, M., Müller, E., & Lindinger, S. J. (2014). Postural balance and rifle stability 
during standing shooting on an indoor gun range without physical stress in different groups of 
biathletes. International Journal of Sports Science & Coaching, 9(1), 171-184. 
http://dx.doi.org/10.1260/1747-9541.9.1.171 
Sforza, C., Tartaglia, G. M., Solimene, U., Morgun, V., Kaspranskiy, R. R., & Ferrario, V. F. (2006). 
Occlusion, sternocleidomastoid muscle activity, and body sway: a pilot study in male astronauts. 
CRANIO®, 24(1), 43-49. http://dx.doi.org/10.1179/crn.2006.008 
Shumway-Cook, A., Anson, D., & Haller, S. (1988). Postural sway biofeedback: its effect on 
reestablishing stance stability in hemiplegic patients. Archives of physical medicine and 
rehabilitation, 69(6), 395-400. 
Spaeth, R. A., & Dunham, G. C. (1921). The correlation between motor control and rifle shooting. 
American Journal of Physiology, 56, 249-256. https://doi.org/10.1152/ajplegacy.1921.56.2.249 
Peljha et al. / Olympic clay target shooting                                                                       JOURNAL OF HUMAN SPORT & EXERCISE 
552 | 2018 | ISSUE 3 | VOLUME 13                                                                                © 2018 University of Alicante 
 
Stambolieva, K., Otzetov, M., Petrova, D., Ikonomov, R., & Gatev, P. (2015). Postural stability during 
static upright stance in archers. In Posture, Balance and the Brain. International Workshop, 29-35. 
http://dx.doi.org/10.11610/posture.05 
Stuart, J., & Atha, J. (1990). Postural consistency in skilled archers. Journal of SportsSciences, 8(3), 
223-234. http://dx.doi.org/10.1080/02640419008732148 
Sorvari, J., Antikainen, R., & Pyy, O. (2006). Environmental contamination at Finnish shooting ranges—
the scope of the problem and management options. Science of the Total Environment, 366(1), 21-
31. http://dx.doi.org/10.1016/j.scitotenv.2005.12.019 
Su, F. C., Wu, W. L., & Lee, W. D. (2000). Stance stability in shooters. Journal of Medical and Biological 
Engineering, 20(4), 187-192. 
Swanton, A. (2016). Development of a recording system to empirically analyse the shooting 
characteristics of Olympic trap clay target shooters (Master’s thesis, University of Limerick, Sreelane, 
Castletroy, Co. Limerick, Ireland). Retrieved from http://hdl.handle.net/10344/1952 
Tang, W. T., Zhang, W. Y., Huang, C. C., Young, M. S., & Hwang, I. S. (2008). Postural tremor and 
control of the upper limb in air pistol shooters. Journal of Sports Science, 26(14), 1579-1587. 
http://dx.doi.org/10.1080/02640410802287063 
Roberts, R., & Turnbull, O. H. (2010). Putts that get missed on the right: Investigating lateralized 
attentional biases and the nature of putting errors in golf. Journal of sports sciences, 28(4), 369-374. 
http://dx.doi.org/10.1080/02640410903536467 
Rooney, C. P., & McLaren, R. G. (2000). Distribution of soil lead contamination at clay target shooting 
ranges. Australasian Journal of Ecotoxicology, 6, 95-102. 
Vercruyssen, M., Christina, R. W., & Muller, E. (1989). Relationship of strength and precision in shooting 
activities. Journal of human ergology, 18(2), 153-168. 
http://dx.doi.org/10.1177/154193128803201822 
Vickers, J. (1996). Visual control when aiming at a far target. Journal of Experimental Psychology: Human 
Perception and Performance, 22(2), 342-354. http://dx.doi.org/10.1037/0096-1523.22.2.342 
Vyas, N. B., Spann, J. W., Heinz, G. H., Beyer, W. N., Jaquette, J. A., & Mengelkoch, J. M. (2000). Lead 
poisoning of passerines at a trap and skeet range. Environmental Pollution, 107(1), 159-166. 
http://dx.doi.org/10.1016/S0269-7491(99)00112-8 
Wells, G. D., Elmi, M., & Thomas, S. (2009). Physiological correlates of golf performance. The Journal 
of Strength & Conditioning Research, 23(3), 741-750. 
http://dx.doi.org/10.1519/JSC.0b013e3181a07970 
Zatsiorsky, V. M., & Aktov, A. M. (1990). Biomechanics of highly precise movements: The aiming process 
in air rifle shooting. Journal of Biomechanics, 23(1), 35-41. http://dx.doi.org/10.1016/0021-
9290(90)90039-6 
Zemková, E. (2014). Sport-specific balance. Sports Medicine, 44(5), 579-590. 
http://dx.doi.org/10.1007/s40279-013-0130-1 
 
 
 
 
 
 
 
This title is licensed under a Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License. 
